Abstract. Plaque formation due to amyloid-␤ oligomerization and fibrillation is a key issue for its deposition in the brains of dementia and Alzheimer's disease patients. Related drugs preventing this peptide fibril accumulation bear the potential of considerable medical and social value. In this study, we performed in vitro fibrillation inhibition tests with eight different medical plant extracts and nutraceuticals using fluorescence spectroscopy. Successful inhibition of the following plant extracts and nutraceuticals were obtained: Withania somnifera, Centella asiatica, Bacopa monnieri, and Convolvulus pluricaulis, providing new drug candidates for the prevention and treatment of Alzheimer's disease.
INTRODUCTION
Plaques [1, 2] were defined and specified as one specific reason of Alzheimer's disease, most notable amyloid-␤ (A␤) fibrils arising under brain environmental conditions to form clusters, which block the neurotransmitter transfer between nerve cells. Without critical communication, cell death is initiated. Such clusters located exteriors of the cells are called plaques, while intracellular situated neurofibrillary tangles are identified as tau proteins [2] [3] [4] [5] [6] [7] .
Therein exist more than 500 explored plants from the Ayurvedic medicine for which access to a considerable collection of herbs traditionally cultivated and applied for daily treatments relevant for different diseases has been provided [8] . There are medical plants which are especially helpful for improving nervous functioning, increasing mental focus, and supporting memorizing abilities. Also, it has been shown that * Correspondence to: Steffi Witter, Department of Health Technologies, Tallinn University of Technology, School of Information Technologies, Akadeemiatee 15A, 12618 Tallinn, Estonia. Tel.: +49 15787 384541; E-mail: steffi.witter@mail.com. certain medical treatments affect nerve cell regeneration [9, 10] . For this work, we have selected eight of them for the investigation of in vitro inhibition tests to prevent oligomerization/fibrillation of amyloid-␤ 1-40 (A␤ 40 ) and Methionine amyloid-␤ 1-40 (MA␤ 40 ). Both peptides are of major relevance in Alzheimer's disease research and considered toxic directly or via transformation to A␤ 42 [11] destroying nerve cells: destructing relevant molecule-and affecting ion-transport. This decline in interaction abilities of nerve cells is well-known, leading to loss of memory and physical control of critical body functions. Nevertheless, A␤ is a hallmark, and not necessarily the cause of dementia, the peptide appears due to cleavage of amyloid-␤ protein precursor (A␤PP) by BACE (beta-site APP cleaving enzyme), therefore, further studies with in vitro cell cultures and animal investigations (mice brain and blood analysis) are warranted, and in progress all over the world .
In this work, different herb extracts and nutraceuticals were investigated for oligomerization/fibrillation in vitro inhibition tests with the aim of preventing 240
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formation of plaques; hence, they are possible candidates for Alzheimer's disease treatment and prevention. Extra-and intracellular degeneration of the peptides is promoted due to proteolysis regardless of the stage of the disease. Patients could extend and increase life quality using available nutraceuticals or self-made extracts especially during the starting phase of the disease.
A long tradition of treatment using Ayurvedic plants provides evidence of reduced or even absence of harmful side-effects, and may thus promote approval of the practical application as a cure.
MATERIALS AND METHODS

Plant material
Withania somnifera (Ashwangandha) and Centella asiatica (Gotu kola) were cultivated from seeds obtained from the Swiss company Botanik Sämereien. Bacopa monnieri (Brahmi) juvenile plants were provided by the gardening center Hellwig (Germany). Ashwangandha dried roots and another charge of Gotu kola seeds were directly imported from India and obtained at the common daily market.
Breeding conditions were kept stable in a growing chamber at room temperature (20 to 23 • C) with humidity between 40 to 60%. The LED-based illumination system provided a light distribution from 380 to 780 nm wavelength (white light), and for breeding of juvenile Brahmi plants, additional red light LEDs (550 to 680 nm) and blue light LEDs (380 to 470 nm) were introduced. Applying such LED-system 24 h defined light conditions were achieved: daylight from 8:00 to 20:00 and darkness from 20:00 to 8:00.
Nutraceuticals
Shankha pushpi (Convolvulus pluricaulis) syrup (also containing Brahmi) was obtained from Dabur India Ltd., Sahibabad.
Brahmi (Bacopa monnieri), Ashwangandha (Withania somnifera), and Shuddha guggulu (Commiphora wightii) capsules were purchased from the Himalaya Drug company, Bangalore, India, filled with powder. In the case of Ashwangandha root powder and for all other plants leaf powder was supplied.
Jatamansi (Nardostachys grandiflora DC.) was obtained from Churna, Sadvaidya Ayurveda Pharmacy, Bangalore, India, as capsules filled with leaf powder.
Root powder from Curcuma longa (Haridra powder, Tumeric) was delivered from Bhuvanendra Herbals, Bangalore, India.
Jyotishamti (Celastrus paniculatus) was purchased as syrup from Sadvaidyasala Private Ltd., Nanjangud, India.
Gotu kola (Centella asiatica) was received from SHAG PsoriasisEX, Berlin, Germany, in form of capsules filled with leaf powder.
All nutraceuticals were stored at 4 • C. Powders were taken from the inside of the capsules. Materials were handled at room temperature.
Amyloid-β
For in vitro inhibition tests of oligomerization/ fibrillation, we used lyophilized amyloid-␤ 1-40 (A␤ 40 ) and lyophilized Methionine amyloid-␤ 1-40 (MA␤ 40 ) [33] which were bought from rPeptide LLC (Bogart, GA, USA).
For sample preparation, the first weighing of amyloid-␤ (A␤) with a high precision balance was completed, then Hexafluoroisopropanol (HFIP; Sigma Aldrich Company) was added to achieve 5-20 M solutions for concentration adjustments related to pre-measurements of the peptide quality. Furthermore, such treated A␤ were pipetted into marked tubes, vacuum evaporated for 24 h and finally frozen at -80 • C. These samples were stored at the same temperature for a minimum of one day but less than two weeks until usage [34] [35] [36] [37] .
Thioflavin-T
Thioflavin-T (ThT; Sigma Aldrich Company) was used as the marker for the A␤ oligomerization/fibrillation test [38] . ThT has been found to feature a remarkable property to bind to aggregates, but not to very flexible monomeric peptides, and exerts increased fluorescence intensity in the bound state [39] . ThT was chosen due to the fact that it does not affect the fibrillation kinetics itself. Also, the interaction between ThT and A␤ is stoichiometric and reaches saturation at reasonably low ThT concentration [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] : 5 M ThT was used for all fluorescence fibrillation inhibition measurements.
Fibrillation solvents
As a basic solvent for the fibrillation inhibition tests, HEPES buffer [48] was made from 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid powder and sodium chloride powder (final concentrations were: 40 mM HEPES and 200 mM NaCl). HEPES buffer was stored at -20 • C until use. Ammonium hydroxide solution (0.02% NH 4 OH) was made from 25% stock standard and used at 4 • C. All solutions were prepared with MilliQ water.
Fibrillation inhibition test
The in vitro experiments of A␤ fibrillation inhibition was carried out with two different Perkin Elmer Fluorescence Spectrometers (Luminescence Spectrometer: LS, the older machine was named LS45, the newer LS55). The fluorescence intensities versus time were measured from the A␤ samples containing different drugs or herbal extracts. NH 4 OH solution was added to the frozen A␤ sample tube and processed with a Vortex machine for 1 min at room temperature. HEPES buffer was added after and mixed with Vortex machine for 10 s. The A␤ sample was filled into 10 mm cuvette under magnetic stirring and ThT was added. Finally, the cuvette was closed with Parafilm and assembled into the LS machine.
Hereby, in order to ensure that the applied A␤ samples are active and fibrillate, the first experiment was carried out as the negative inhibition control: when plateau phase had been reached, the nutraceutical or medical plant extract was added. The positive control was performed with ethanol under the same conditions.
Grinding plant material
Dried Ashwangandha roots were crushed by planetary ball milling (Tanchen Powder, China) using iron vials (internal volume of 50 ml) applying 20 balls of different sizes (3, 5, and 7.5 mm in diameter) to 10 g of plant material with a ball to biomass ratio of roughly 1:1. We used two different preparations: 1) small root parts (1-2 cm length, 2-3 mm diameter) and 2) bigger root parts (3-5 cm length and 4-8 mm diameter). Ball milling time was set to 10 h. The smaller initial plant root material gave a yellow powder, and the bigger root parts finally a grey-black powder.
Extraction methods
For the plant extraction, three different methods were applied. 1) Maceration method, where 3 g plant material and 30 ml ethanol, MilliQ water, and a mixture of both in different concentrations were utilized.
At first, fresh harvested green leaves of the test plant material were sliced into small pieces with a sharp kitchen knife on a ceramic plate. After this, 10 ml of the chosen solvent (ethanol, water-ethanol mixture, etc.) were given to the sliced plant material. Then the maceration extracts were made with mortar and pestle. Additional 20 ml of the same solvent were added and gently mixed again with the pestle under soft pressure for 1 min. Finally, the softened mass was leached with filter paper into a sterile container in which the extracts were stored. For LS fibrillation tests, maceration extracts were always made fresh, for better reproducibility. 2) As second method, Soxhlet Extraction (SE), was applied to obtain ingredients of the fresh and green plant material. The stock solvent of 96.7% ethanol and MilliQ water were used to prepare 65% and 50% ethanol solution (EtS). The 65% EtS was added to 15 g fresh plant material shortly before the extraction process which was initialized at a temperature of 95 • C for 30 min and continued at a stable temperature of 90 • C for 16 h. The SE of 50% EtS with 15 g green and fresh plant material run at a stabilized temperature of 100 • C for 14 h. Here, an initializing temperature of 120 • C for 30 min was needed. The SEs were cooled down and stored at 4 • C and at -80 • C in 2 ml tubes till further usage [49] [50] [51] [52] [53] .
3) The third extraction method had been similar to "tea brewing": adding boiled water into a cup with fresh leaves. 150 ml MilliQ water was boiled and cooled down to 80 • C and added to the 3 g fresh harvested and cut plant material. The first sample was collected after 5 min of brewing and then further samples were stored every following minute after 25 min for further testing. The biomaterial was freshly collected from plants in the laboratory under sterile conditions. The extracts were stored for short terms in aseptic bottles at 4 • C and for long-term at -80 • C in 2 ml tubes until use.
All prepared extracts were centrifuged (15.000 rpm at 4 • C) to separate the solution from suspended particles and poorly insoluble materials. The upper solvent layer was pipetted into marked tubes and stored in an ice box until experimental usage.
Alcohol evaporation
A␤ samples containing HFIP were kept in a vacuum evaporator for 24 h to dispose of isopropanol. Brahmi extract samples (BrE) consisting of SE solution containing ethanol were placed under vacuum for 24 or 48 h, depending on the sample volume (1 or 2 ml, respectively).
Statistical analysis
Experimental inhibition data were averaged and standard deviations calculated accordingly. Figures represent only a selection of measured inhibition graphs.
RESULTS
An overview of the investigated medical plants and nutraceuticals, usage, the investigation method, and in vitro inhibition test results are provided in (Table 1) .
Nutraceuticals and plant extracts Withania somnifera (Ashwangandha)
Ashwagandha was tested for fibrillation inhibition in four different ways of sample preparation: 1) as dissolved nutraceutical drug powder (Fig. 1) , 2) maceration solvent from fresh leaves, 3) tea-like brewing extract from green and fresh leaves (Fig. 2) , and 4) SE solvents from these, all samples successfully inhibited A␤ fibrillation.
Bacopa monnieri (Brahmi)
Brahmi provided very good MA␤ 40 fibrillation inhibition for all three sample preparation methods:
2) in MilliQ water dissolved nutraceutical drug powder (Fig. 3) , 2) maceration MilliQ water solvent from fresh leaves and stems, and 3) SE solvent of fresh leaves and stems (Figs. 4 and 5) .
Centella asiatica (Gotu kola)
The medical plant extract and nutraceutical form Gotu kola performed as an active substance. The SE and drug powder inhibit at a similar concentration (1 mg/1 ml MilliQ water). In order to remove remaining ethanol from the SE, vacuum evaporation was applied (Figs. 8 and 9 ). The fibrillation measurements were probably influenced by self-fluorescence; see Fig. 10 , providing increased fluorescence intensities at higher plant extract concentrations.
Nardostachys grandiflora (Jatamansi)
Jatamansi nutraceutical did not inhibit A␤ 40 fibrillation but even increased the process compared to the reference experiment. One example is shown in Fig. 11 .
Celastrus paniculatus (Jyotishmati)
Jyotishmati did not perform as a fibrillation inhibitor; it has a neutral effect as, for instance, Shuddha guggulu (Fig. 12) . 
Convolvulus pluricaulis (Shankha pushpi)
The syrup of Shankha pushpi (included Brahmi) was tested directly from the product vial for in vitro fibrillation. Shankha pushpi proved to be the strongest inhibitor for the A␤ 40 and MA␤ 40 fibrillation process, compared to all other tested extracts, drugs, and syrups in this work: a small syrup amount (1 l in roughly 1 ml total solution) was sufficient for a positive inhibition result. 1 l Shankha pushpi syrup was dissolved in 1 ml MilliQ water (1:1000) for LS fibrillation in vitro tests (Fig. 6 ).
Commiphora wightii (Shuddha guggulu)
The experiments with Shuddha guggulu resin nutraceutical were not reproducible. For the first test with 10 l drug solvent (1 mg in 1 ml MilliQ water), we found 100% fibrillation inhibition. Repeating the test provided a negative result (Fig. 7) . However, we observed that there is no interaction with ThT.
Curcuma longa (Turmeric)
From the literature, it is well-known that Turmeric has a decreasing effect on A␤ plaques [54] . Here, we report an interaction with the ThT marker and were not able to detect the fibrillation inhibition with the LS measurement method [40] .
DISCUSSION
The inhibition efficiency of nutraceuticals and extracts turned out to show similar trends for both applied A␤, shown in (Table 1) . Depending on the quality of A␤ peptides [55] [56] [57] , concentrations, micro/nano-culture sample-environmental conditions, age of the test materials, and possible selffluorescence (Fig. 10) , inhibition deviations (SD) are observed.
We applied Withania somniferra as a reference plant to ensure our experimental conditions, and confirm that fresh material, as well as root based nutraceuticals, are inhibitors of the MA␤ 40 and A␤ 40 fibrillation process [58] . The usage of different extraction methods for the fresh plant material has shown no significant difference compared to the root powder nutraceutical. Since mostly the use of roots had been described in the literature, this result had been not straightforwardly expected. Leaves are Fig. 8 . Gotu kola SE (GKSEK, 10 mg dry weight dissolved in 1 ml of MilliQ water) was used for MA␤ 40 fibril formation inhibition. A mostly complete suppression was observed: blue line 15 l (10 mg in 1 ml solution), also strong inhibition with 10 l GKSEK (green line) and delayed weak fibrillation with 7.5 l (red line). Fig. 9 . Gotu kola drug powder (GKDP; 1 mg in 1 ml MilliQ water) used for MA␤ 40 fibril formation inhibition tests is shown. Different drug solvent amounts were used: blue line 20 l (in 1 ml solution), green line 15 l, red line 10 l, and black line as reference graph where 10 l was added after 60 min. GKDP shows some self-fluorescence which leads to a slightly alternating starting behavior. ThT. This explains the different starting intensities of the measurements, so we could fit the start time and estimates the inhibition value (in percent). Fig. 11 . Jatamansi fibrillation tests with MA␤ 40 show no inhibition, instead, the fibrillation seems to be increased. non-toxic, grow faster, are easy to be harvested, while keeping the plant alive considerably increases agricultural productivity, and hence this information may contribute to treatment improvements. Also, Withania somniferra shows some different inhibition activity depending on the kind of A␤: 74% for A␤ 40 with SD of ± 7 and 49% for MA␤ 40 with SD of ± 8. The altered inhibition level is probably related to varying amounts of nutraceutical and extract's solvent, due to the fact that the dissolved bioactive components might have different concentrations depending on solubility in MilliQ water and ethanol. Nevertheless, even the lowest amount of the tested material provided a minimal inhibition of 22%.
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From the literature, it is known that more than 40 Withanolides are identified as ingredients of Ashwangandha [59] [60] [61] [62] [63] [64] [65] from which Withaferin A seems to be the most important and possibly one of the bioactive inhibiting compounds.
For the first time, we could show that Bacopa monnieri acts as a promising inhibitor of the peptide fibrillation. It provides inhibition under all considered experimental conditions. Even with lower concentrations, it reaches a minimum of 31%. Previous reports provide the information that Bacosides A and B may be the main bioactive compounds of the test material [66] [67] [68] : further investigations are advised.
Centella asiatica nutraceuticals and leaf extracts provided evidence acting as one of the strongest inhibitors of our study and showed considerable interaction with the MA␤ 40 peptides. We could not observe significant differences between extracts and the nutraceuticals. Minimum inhibition was found to be 30% which is related to a low Gotu kola concentration. Higher values inhibit at least at a level of 72%. Nevertheless, the main bioactive compounds seem to be Asiaticosides [69] .
All three plants, Ashwangandha, Gotu kola, and Brahmi, were tested for different extraction methods to examine their applicability for practical usage: a simple "tea brewing" should be preferred compared to more complicated extractions, if there is no significant difference in efficiency. Hereby, the optimal brewing time for Ashwangandha turned out to be around 5 min, 3 min for Gotu kola, and 10 min for Brahmi.
An evidence of inhibition was also discovered for the fresh Shankha pushpi syrup. We observed degradation of inhibition depending on age and storage conditions. After three months of delaying and transportation under undefined circumstances for the second experimental test, the inhibition efficiency was reduced or even did not show any effect on the fibrillation process (Fig. 6) .
In contrast to the above-mentioned active samples, we identified several neutral or non-inhibiting species: Shuddha guggulu resin (Commiphora wightii, Fig. 7) and Jyotishmati (Fig. 12 ). Both might be investigated for the usage of other mental disorders' in the future, see (Table 1) . Nevertheless, Shuddha guggulu seems to interact with A␤ and ThT under specific circumstances.
Notably, we observed, that Jatamansi provided not only a non-inhibiting behavior but instead, seemingly even to increase the fibrillation, compared to the reference measurement (Fig. 11) . Obviously, in light of the present study, any use of Jatamansi should not be encouraged without additional research.
Turmeric (Curcuma longa) showed evidence of interaction with the fibrillation marker ThT. With the applied methods, it was not possible to discover whether it acts with MA␤ 40 , A␤ 40 , or ThT during the in vitro process. The measurements show positive inhibition interaction, but it may be false positive. Previous work on Curcuma provided information that it acts as an inhibitor against A␤ formation, while a different marker had been used under alternative test circumstances [39] . Future investigations might provide more insight into how ThT interacts with Curcuma nutraceutical [40, 54] .
Considering natural plant extracts, often a mixture of components provide the best Alzheimer's disease treatment effect. In order to obtain further insight here, analysis of the extracts' ingredients and identification of primary/secondary plant bioactive compounds are requested. Finally, studies on rats, mice, and humans are advised.
